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SOLAR CELL AND METHOD FOR
MANUFACTURING THE SAME, AND SOLAR
CELL MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/472,151, filed on May 15, 2012, now U.S.
Pat. No. 9,070,798, issued Jun. 30, 2015, which is a con-
tinuation of U.S. patent application Ser. No. 12/715,886 filed
on Mar. 2, 2010, which claims priority to and the benefit of
Korean Patent Application No. 10-2009-0017946 and
10-2009-0051087 filed in the Korean Intellectual Property
Office on Mar. 3, 2009 and Jun. 9, 2009, respectively, and the
contents of all of the above are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments relates to a solar cell and a method for
manufacturing the same, and a solar cell module.

2. Discussion of the Related Art

Recently, as existing energy sources such as petroleum
and coal are expected to be depleted, interests in alternative
energy sources for replacing the existing energy sources are
increasing. Among the alternative energy sources, solar cells
have been particularly spotlighted because, as cells for
generating electric energy from solar energy, the solar cells
are able to draw energy from an abundant source and do not
cause environmental pollution.

A typical solar cell includes a substrate and an emitter
layer formed of a semiconductor, each having a different
conductive type such as a p-type and an n-type, and elec-
trodes respectively formed on the substrate and the emitter
layer. The typical solar cell also includes a p-n junction
formed at an interface between the substrate and the emitter
layer.

When light is incident on the solar cell, a plurality of
electron-hole pairs are generated in the semiconductor. Each
of the electron-hole pairs is separated into electrons and
holes by the photovoltaic effect. Thus, the separated elec-
trons move to the n-type semiconductor (e.g., the emitter
layer) and the separated holes move to the p-type semicon-
ductor (e.g., the substrate), and then the electrons and holes
are collected by the electrodes electrically connected to the
emitter layer and the substrate, respectively. The electrodes
are connected to each other using electric wires to thereby
obtain an electric power.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a charge
transferor of a solar cell, which collects and transfer charges
generated from a semiconductor substrate, may include at
least one electrode collecting the charges; and at least one
collector region transferring the charges collected by the at
least one electrode, wherein an area formed by linearly
connecting both lateral sides of the at least one collector
region in a first direction includes at least one deletion.

The at least one electrode may include a plurality of
electrodes, and the at least one collector region includes a
plurality of collectors positioned between each of pairs of
electrodes and connected to the pairs of electrodes.
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The at least one collector region may further include at
least one connecting region positioned between two neigh-
boring collectors and connected to the neighboring collec-
tors.

A horizontal width of the connecting region and a hori-
zontal width of the collectors may be different from each
other.

At least one of both lateral sides of the at least one
collector region may include a corrugated portion.

The corrugated portion may have a triangular saw-toothed
shape.

The corrugated portion may have a rectangular saw-
toothed shape.

The plurality of collector regions may have the same
shape.

The at least one collector region may further include at
least one metal film extending in the first direction on the
plurality of collectors.

A width of the at least one metal film may be greater than
or equal to a width of the plurality of collectors.

The at least one electrodes may include a plurality of point
contacts positioned on the semiconductor substrate to be
spaced apart from each other so as to collect the charges.

The at least one electrodes may further include a metal
film positioned on the plurality of point contacts along the
plurality of point contacts.

The metal film may be made of a transparent conductive
material.

According to another aspect of the present invention, a
charge transferor of a solar cell, which collects and transfer
charges generated from a semiconductor substrate, may
include at least one electrode collecting the charges; and at
least one collector region transferring the charges collected
by the at least one electrode, wherein the at least one
electrodes include a plurality of contact points positioned on
the semiconductor substrate to be spaced apart from each
other so as to collect the charges.

The at least one electrodes may further include a metal
film positioned on the plurality of point contacts along the
plurality of point contacts.

The metal film may be made of a transparent conductive
material.

According to another aspect of the present invention, a
solar cell may include a substrate of a first conductive type;
an emitter layer of a second conductive type, which is
opposite to the first conductive type, positioned on the
substrate; a plurality of first electrodes electrically connected
to the emitter layer; at least one collector region connected
to the plurality of first electrodes; a second electrode elec-
trically connected to the substrate; and at least one second
collector region connected to the second electrode, wherein
an area formed by linearly connecting in a first direction
both lateral sides of at least one of the at least one first
collector region and the at least one second collector region
includes at least one deletion.

At least one of the at least one collector region and the at
least one second collector region may include a plurality of
collectors connected to the plurality of first electrodes or the
second electrode.

At least one of the at least one collector region and the at
least one second collector region may include at least one
connecting region positioned between two neighboring col-
lectors and connected to the neighboring collectors.

At least one of the at least one collector region and the at
least one second collector region may include a portion
corrugated on at least one of both lateral sides.
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The corrugated portion may have a triangular saw-toothed
shape.

The corrugated portion may have a rectangular saw-
toothed shape.

The at least one first collector region may include the
plurality of collectors, and the plurality of collectors may be
positioned between each of pairs of the first electrodes.

At least one of the at least one first collector region and
the second collector region may further include at least one
metal film extending in the first direction on the plurality of
collectors.

Each of the plurality of first electrodes may include a
plurality of conductors which extend in a second direction
different from the first direction to be spaced apart from one
each and is positioned to be electrically connected to the
emitter layer.

Each of the plurality of first electrodes may further
include a metal film positioned on the plurality of conduc-
tors along the plurality of conductors.

The metal film may be made of a transparent conductive
material.

According to another aspect of the present invention, a
solar cell may include a substrate of a first conductive type;
an emitter layer of a second conductive type, which is
opposite to the first conductive type, positioned on the
substrate; a plurality of first electrodes electrically connected
to the emitter layer; at least one collector region connected
to the plurality of first electrodes; a second electrode elec-
trically connected to the substrate; and at least one second
collector region connected to the second electrode, wherein
each of the plurality of first electrodes includes a plurality of
point contacts spaced apart from one another and electrically
connected to the emitter layer.

Each of the plurality of first electrodes may further
include a metal film positioned on the plurality of point
contacts and contacting the plurality of point contacts.

The metal film may be made of a transparent conductive
material.

According to another aspect of the present invention, a
method for manufacturing a solar cell may include forming
an emitter layer of a second conductive type on a substrate
of a first conductive type, the second conductive type being
opposite to the first conductive type; applying a first paste on
a first surface of the substrate to form a plurality of point
contact patterns; forming a second paste on a second surface
of the substrate positioned on the opposite side of the first
surface to form a first electrode pattern; thermally treating
the substrate provided with the plurality of first point contact
patterns and the first electrode pattern at a first temperature
to form a plurality of point contacts connected to the emitter
layer and a first electrode electrically connected to the
substrate; forming a first metal film pattern extending in a
first direction on exposed parts of the emitter layer of the
first surface; and thermally treating the substrate provided
with the first metal film pattern at a second temperature to
form a plurality of first metal films electrically connected to
the plurality of point contacts and extending in the first
direction.

The first temperature may be higher than the second
temperature.

In the forming of the metal film pattern, when the first
metal film pattern is formed, a second metal film pattern may
be formed positioned on the plurality of point contacts and
extending in a second direction different from that of the first
metal film pattern, and in the forming of the plurality of first
metal films, the second metal film pattern may be thermally
treated along with the first metal film pattern to further form
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a plurality of second metal films extending in the second
direction different from that of the first metal film.

The first and second metal film patterns may contain a
transparent conductive material.

According to another aspect of the present invention, a
solar cell module may include a plurality of solar cells, each
solar cell including an emitter layer positioned on a substrate
and having a conductive type opposite to that of the sub-
strate, a plurality of first electrodes electrically connected to
the emitter layer, at least one collector region connected to
the plurality of first electrodes, a second electrode electri-
cally connected to the substrate, and at least one second
collector region electrically connected to the second elec-
trode; and at least one conductive connecting portion posi-
tioned on the first collector region and the second collector
region respectively positioned at neighboring solar cells
among the plurality of solar cells, and electrically connect-
ing the first collector region and the second collector region,
wherein an area formed by linearly connecting in a first
direction both lateral sides of at least one of the first collector
region and the second collector region includes at least one
deletion.

Each of the plurality of first electrodes may include a
plurality of conductors which discontinuously extend in a
second direction different from the first direction to be
spaced apart from one another and are positioned to be
electrically connected to the emitter layer.

Each of the plurality of first electrodes may further
include a metal film positioned on the plurality of conduc-
tors along the plurality of conductors.

According to another aspect of the present invention, a
solar cell module may include a plurality of solar cells, each
solar cell including an emitter layer positioned on a substrate
and having a conductive type opposite to that of the sub-
strate, a plurality of first electrodes electrically connected to
the emitter layer, at least one collector region connected to
the plurality of first electrodes, a second electrode electri-
cally connected to the substrate, and at least one second
collector region electrically connected to the second elec-
trode; and at least one conductive connecting portion posi-
tioned on the first collector region and the second collector
region respectively positioned at neighboring solar cells
among the plurality of solar cells, and electrically connect-
ing the first collector region and the second collector region,
wherein each of the plurality of first electrodes includes a
plurality of point contacts spaced apart from one another and
electrically connected to the emitter region.

Each of the plurality of first electrodes may further
include a metal film positioned on the plurality of point
contacts and contacting the plurality of point contacts.

The metal film may be made of a transparent conductive
material.

According to another aspect of the present invention, a
charge transferor of a solar ell, which collects and transfer
charges generated from a semiconductor substrate, includes
a plurality of electrodes which collects the charges and are
disposed generally in a first direction; and at least one
collector which transfers the charges collected by the plu-
rality of electrodes, the at least one collector being included
in at least one collector region disposed on the semiconduc-
tor substrate and extending generally in a second direction
that crosses the first direction, wherein the at least one
collector region further includes at least one deletion portion
where a portion of the at least one collector is not formed.

According to another aspect of the present invention, a
charge transferor of a solar cell, which collects and transfer
charges generated from a semiconductor substrate, includes
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at least one electrode to collect the charges; and at least one
collector to transfer the charges collected by the at least one
electrode, wherein the at least one electrode includes a
plurality of contact points positioned on the semiconductor
substrate to be spaced apart from each other so as to collect
the charges.

According to another aspect of the present invention, a
solar cell includes a substrate of a first conductive type; an
emitter layer of a second conductive type, which is opposite
to the first conductive type, and positioned on the substrate;
a plurality of first electrodes electrically connected to the
emitter layer; at least one first collector connected to the
plurality of first electrodes, the at least one first collector
being included in at least one first collector region on the
substrate; a second electrode electrically connected to the
substrate; and at least one second collector connected to the
second electrode, the at least one second collector being
included in at least one second collector region on the
substrate, wherein at least one of the at least one first
collector region and the at least one second collector region
includes at least one deletion portion where the at least one
first collector or the at least one second collector is not
formed.

According to another aspect of the present invention, a
solar cell includes a substrate of a first conductive type; an
emitter layer of a second conductive type, which is opposite
to the first conductive type, and positioned on the substrate;
a plurality of first electrodes electrically connected to the
emitter layer; at least one first collector connected to the
plurality of first electrodes; a second electrode electrically
connected to the substrate; and at least one second collector
connected to the second electrode, wherein the plurality of
first electrodes is a plurality of point contacts spaced apart
from one another and electrically connected to the emitter
layer.

According to another aspect of the present invention, a
method for manufacturing a solar cell includes forming an
emitter layer of a second conductive type on a substrate of
a first conductive type, the second conductive type being
opposite to the first conductive type; applying a first paste on
a first surface of the substrate to form a plurality of point
contact patterns; forming a second paste on a second surface
of the substrate positioned on the opposite side of the first
surface to form a first electrode pattern; thermally treating
the substrate provided with the plurality of point contact
patterns and the first electrode pattern at a first temperature
to form a plurality of point contacts connected to the emitter
layer and a first electrode electrically connected to the
substrate; forming a first metal film pattern extending in a
first direction on exposed parts of the emitter layer of the
first surface; and thermally treating the substrate provided
with the first metal film pattern at a second temperature to
form a plurality of first metal films electrically connected to
the plurality of point contacts and extending in the first
direction.

According to another aspect of the present invention, a
solar cell, module includes a plurality of solar cells, each
solar cell including an emitter layer positioned on a substrate
and having a conductive type opposite to that of the sub-
strate, a plurality of first electrodes electrically connected to
the emitter layer, at least one first collector connected to the
plurality of first electrodes, the at least one first collector
being included in at least one first collector region on the
substrate, a second electrode electrically connected to the
substrate, and at least one second collector electrically
connected to the second electrode, the at least one second
collector being included in at least one second collector
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region on the substrate; and at least one conductive con-
necting portion positioned on the at least one first collector
region and the at least one second collector region respec-
tively positioned at neighboring solar cells among the plu-
rality of solar cells, and electrically connecting the at least
one first collector region and the at least one second collector
region, wherein of at least one of the first collector region
and the second collector region includes at least one deletion
portion where the at least one first collector or the at least
one second collector is not formed.

According to another aspect of the present invention, a
solar cell module includes a plurality of solar cells, each
solar cell including an emitter layer positioned on a substrate
and having a conductive type opposite to that of the sub-
strate, a plurality of first electrodes electrically connected to
the emitter layer, at least one first collector connected to the
plurality of first electrodes, the at least one first collector
being included in at least one first collector region on the
substrate, a second electrode electrically connected to the
substrate, and at least one second collector electrically
connected to the second electrode, the at least one second
collector being included in at least one second collector
region on the substrate; and at least one conductive con-
necting portion positioned on the at least one first collector
region and the at least one second collector region respec-
tively positioned at neighboring solar cells among the plu-
rality of solar cells, and electrically connecting the at least
one first collector region and the at least one second collector
region, wherein the plurality of first electrodes is a plurality
of point contacts spaced apart from one another and elec-
trically connected to the emitter layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a partial perspective view of a solar cell
according to an example embodiment of the present inven-
tion;

FIG. 2 is a cross-sectional view of the solar cell of FIG.
1 taken along line II-1I;

FIG. 3 is a view showing one example of second collector
units of the solar cell shown in FIG. 1;

FIGS. 4 to 16 are views showing various examples of the
first collector units according to example embodiments of
the present invention

FIGS. 17 to 27 are views showing various examples of the
second collector units according to embodiments of the
present invention;

FIG. 28 is a partial perspective view of one example of a
solar cell according to another example embodiment of the
present invention;

FIG. 29 is a cross-sectional view taken along line XXIX-
XXIX of FIG. 28,

FIG. 30 is a view showing the arrangement state of a
plurality of point contacts in one example of the solar cell
according to another example embodiment of the present
invention;

FIG. 31 is a view showing a state where a plurality of first
and second metal films are formed on the plurality of point
contacts in a solar cell according to another example
embodiment of the present invention;
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FIGS. 32 to 39 are cross-sectional views sequentially
showing a method for manufacturing a solar cell according
to another example embodiment of the present invention;

FIG. 40 is a partial perspective view of a solar cell
according to another example embodiment of the present
invention;

FIG. 41 is a cross-sectional view taken along line
XXXXI-XXXXI of FIG. 40;

FIG. 42 is a view showing a state where a plurality of first
and second metal films is formed on a plurality of point
contacts in a solar cell according to another example
embodiment of the present invention;

FIG. 43 is a schematic view showing a solar cell module
according to one example embodiment of the present inven-
tion;

FIG. 44 is a plane view showing a connection state
between solar cells according to one example embodiment
of the present invention; and

FIG. 45 is a cross-sectional view showing the connection
state between the solar cells according to one example
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will be described more fully hereinafter
with reference to the accompanying drawings, in which
example embodiments of the inventions are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

A solar cell and a method for manufacturing the same and
a solar cell module according to example embodiments of
the present invention will be described with reference to the
accompanying drawings.

First, a solar cell according to example embodiments of
the present invention will be described in detail with refer-
ence to FIGS. 1 to 3.

FIG. 1 is a partial perspective view of a solar cell
according to one example embodiment of the present inven-
tion. FIG. 2 is a cross-sectional view of the solar cell, of FIG.
1 taken along line II-II. FIG. 3 is a view showing one
example of second collector units of the solar cell shown in
FIG. 1.

Referring to FIGS. 1 and 2, a solar cell according to one
example embodiment of the present invention includes a
substrate 110, an emitter layer 120 positioned on the front
surface of the substrate 110, which is an incident surface on
which light is incident, an anti-reflection layer 130 posi-
tioned on the emitter layer 120, a first charge transfer unit (a
first charge transferor) 140 electrically connected to the
emitter layer 120, a second charge transfer unit (a second
charge transferor) 150 positioned on the rear surface of the
substrate 110 which is the opposite surface of the incident
surface, and a back surface field (BSF) 171 positioned
between the substrate 110 and the second charge transfer
unit 150.
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The substrate 110 is a semiconductor substrate formed of
silicon of a first conductive type, for example, a p-conduc-
tive type. In the example embodiment, the substrate 110 may
be formed of crystalline silicon such as monocrystalline
silicon or polycrystalline silicon. However, the substrate 110
may be formed of amorphous silicon. If the substrate 110 is
a p-conductive type, it may contain an impurity of a group
element, such as boron (B), gallium (G), and indium (In).
Alternatively, however, the substrate 110 may be an n-con-
ductive type, and may be made of a semiconductor material
other than silicon. If the substrate 110 is an n-conductive
type, the substrate 110 may contain an impurity of a group
V element, such as phosphor (P), arsenic (As), and antimony
(Sb).

The surface of the substrate 110 is textured to form a
textured surface which is an uneven surface or has uneven
characteristics.

The emitter layer 120 is an impurity region of a second
conductive type, for example, an n-conductive type, which
is opposite to the conductive type of the substrate 110.
Hence, the substrate 110 and the emitter layer 120 form a p-n
junction. If the emitter layer 120 is an n-conductive type, the
emitter layer 120 may contain an impurity of a group V
element.

Pairs of electrons and holes, which are charges generated
by light incident on the substrate 110, are separated into
electrons and holes due to a built-in potential difference
caused by the p-n junction, and therefore the electrons move
toward an n-type semiconductor and the holes move toward
a p-type semiconductor. Thus, if the substrate 110 is a p-type
and the emitter layer 120 is an n-type, the separated holes
move toward the substrate 110 and the separated electrons
move toward the emitter layer 120.

Since the emitter layer 120 forms a p-n junction with the
substrate 110, if the substrate 110 is an n-conductive type
unlike the example embodiment discussed above, the emit-
ter layer 120 is a p-conductive type. In this case, the
separated electrons move toward the substrate 110 and the
separated holes move toward the emitter layer 120. If the
emitter layer 120 is a p-conductive type, the emitter layer
120 may be formed by doping an impurity of a group III
element on the substrate 110.

The anti-reflection layer 130 positioned on the emitter
layer 120 is formed of a silicon nitride film (SiNx) or a
titanium oxide film (TiOx). The anti-reflection layer 130
reduces the reflectance of light incident on the solar cell 1
and increases the selectivity of a specific wavelength band,
thereby increasing the efficiency of the solar cell 1. Although
the anti-reflection layer 130 has a single layer structure in the
shown example embodiment, it may have a multilayered
structure, such as a double-layered structure, or may be
omitted, if necessary or desired.

As shown in FIGS. 1 and 2, the first charge transfer unit
140 has a plurality of first electrodes 141, and a plurality of
first collector regions 142 having a plurality of first collec-
tors 1421.

The plurality of first electrodes 141 extends almost in
parallel in a predetermined direction, and collects the
charges, for example, electrons that move toward the emitter
layer 120.

The plurality of first collector regions 142 and the plu-
rality of first collectors 1421 extend almost in parallel in a
direction crossing the plurality of first electrodes 141. The
plurality of first collectors 1421 is positioned on the same
layer as the plurality of first electrodes 141 and connected to
the plurality of first electrodes 141.
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The plurality of first collectors 1421 collects the charges
transferred from the plurality of first electrodes 141 and
outputs the charges to an external device.

The first collector regions 142 will be described later in
more detail. In embodiments of the invention, a collector
region, such as the first collector region 142, may be defined
as follows.

When a plurality of electrodes (such as the electrodes
141) includes a first electrode and a second electrode, the at
least one collector (such as the first collector 1421) includes
a first collector and a second collector, and the at least one
collector region (such as the first collector region 142) has
an area defined by a width in the first direction and a length
in the second direction, then the width of the collector region
may include a first point on the first electrode that contacts
a first peripheral point of the first collector and a second
point on the first electrode that contacts a second peripheral
point of the first collector, and the length of the collector
region may include the first point on the first electrode that
contacts the first peripheral point of the first collector and a
first point on the second electrode that contacts a first
peripheral point of the second collector. Other ways of
defining the collector region is possible. By way of example,
as shown in FIG. 4, the area is defined to include a point of
the top-most first electrode 141 that contacts a left-most
peripheral point of the top-most first collector 1421 and a
point on the top-most first electrode 141 that contacts a
right-most peripheral point of the same first collector 1421,
and the length of the collector region includes the point of
the top-most first electrode 141 that contacts the left-most
peripheral point of the first collector 1421 and a point on
bottom-most first electrode 141 that contacts a left-most
peripheral point of the bottom-most first collector 1421.
However, the two collectors and the two electrodes used to
define the area of the collector region need not be the top and
bottom-most collectors and electrodes. Any two pairs of
electrodes, and one or more collectors may be used to define
the collector region, as will be evident from the drawing
figures.

The plurality of first electrodes 141 and the plurality of
first collectors 1421 are connected to the emitter layer 120.
Hence, the anti-reflection layer 130 is mainly positioned on
the emitter layer 120 where the plurality of first electrodes
141 and the plurality of first collectors 1421 are not posi-
tioned.

The plurality of front electrodes 141 and the plurality of
first collectors 1421 contain a conductive material, such as
silver (Ag). However, they may contain, instead of silver
(kg), at least one selected from the group consisting of nickel
(Ni), copper (Cu), aluminum (Al), tin (Sn), zinc (Zn),
indium (In), titanium (Ti), gold (Au), and a combination
thereof, or otherwise may contain other conductive materi-
als.

The second electrode transfer unit 150 positioned on the
rear surface of the substrate 110 has a second electrode 151,
and a plurality of second collector regions 152 containing a
plurality of second collectors 1521.

The second electrode 151 contains a conductive material,
such as aluminum (Al), and is electrically connected to the
substrate 110.

The second electrode 151 collects the charges, for
example, electrons, moving from the substrate 110, and
outputs them to an external device.

The second electrode 151 may contain, instead, of alu-
minum (Al), at least one selected from the group consisting
of nickel (Ni), copper (Cu), silver (Ag), tin (Sn), zinc (Zn),
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indium (In), titanium (Ti), gold (Au), and a combination
thereof, or otherwise may contain other conductive materi-
als.

The plurality of second collector regions 152 are mainly
positioned at portions facing the first collector regions 142,
and as shown in FIG. 3, have a stripe (or strip) shape which
extends almost in parallel without interruption almost to the
ends of the substrate 110. Due to this, the second electrode
151 is positioned on an almost entire rear surface of the
substrate 110, except where the plurality of second collector
regions 152 and the plurality of second collectors 1521 are
positioned.

The second collectors 1521 contain a conductive material,
such as silver (Ag), and are electrically and physically
connected to the second electrode 151.

The second collectors 1521 collect the charges transferred
from the second electrode 151, and output the charges to an
external device.

In the example embodiment, the second collector regions
152 and the first collector regions 142 have the same number
of the respective collectors, and the second collector regions
152 partially overlap with the adjacent second electrode 151,
but the present invention is not limited thereto.

The plurality of second collectors 1521 may contain,
instead of silver (Ag), at least one conductive material
selected from the group consisting of aluminum (Al), nickel
(N1), copper (Cu), tin (Sn), zinc (Zn), indium (In), titanium
(Ti), gold (Au), and a combination thereof, or otherwise may
contain other conductive materials.

The back surface field 171 is positioned between the
substrate 110 and the second electrode 151, and is a region,
for example, a p+ region, which is doped with an impurity
of the same conductive type as the substrate 110, at a higher
concentration than that of the substrate 110.

Due to a difference in the concentration of an impurity
between the substrate 110 and the back surface field 171, a
potential barrier is formed, and this distributes (or disrupts)
the movement of electrons toward the rear surface of the
substrate 110, thereby reducing or preventing a recombina-
tion and/or a disappearance of electrons and holes near the
rear surface of the substrate 110.

The operation of the solar cell 1 having the above struc-
ture according to this example embodiment will be
described below.

When light is irradiated to the solar cell 1 and incident on
the semiconductor substrate 110 through the anti-reflection
layer 130 and the emitter layer 120, pairs of electrons and
holes are generated in the semiconductor substrate 110 by
light energy. At this point, the substrate 110 has a textured
surface. Thus, when incident and reflection operations of
light are performed on the textured surface, the reflectance
of the light decrease and the absorbance of the light
increases. Also, the reflection loss of light incident on the
substrate 110 is reduced because of the anti-retlection layer
130, thereby further increasing the amount of light incident
on the substrate 110.

These pairs of electrons and holes are separated from one
another by the p-n junction between the substrate 110 and
the emitter layer 120, and therefore the holes move toward
the p-conductive type substrate 110 and the electrons move
toward the n-conductive type emitter layer 120. In this way,
the electrons having moved to the emitter layer 120 are
collected by the plurality of first electrodes 141 and trans-
ferred to the plurality of first collectors 1421, while the holes
having moved to the substrate 110 are collected by the
second electrode 151 and transferred to the plurality of
second collectors 1521. Then, the first collectors 1421 in the
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first collector regions 142 and the second collectors 1521 in
the second collector regions 152 are connected to each other
using electric wires, and thus current flows therebetween.
The current is externally used as an electric power.

Next, various examples of the first collector regions 142
containing the first collectors 1421 according to example
embodiments of the present invention will be described with
reference to FIG. 1 and FIGS. 4 to 16. In the following
example, components performing the same functions are
designated with the same reference numerals, and a detailed
description thereof is briefly made or is entirely omitted.

The partial perspective view and cross-sectional view of
the solar cell 1 shown in FIGS. 1 and 2 illustrate an
application example of the first collector regions 142 shown
in FIG. 4. A solar cell to which an example of the first
collector regions 142 shown in FIGS. 5 to 16 is applied is
identical to the solar cell 1 except the shape of the first
collectors 1421 in the first collector regions 142, so a partial
perspective view d cross-sectional view of the solar cell of
the example shown in FIGS. 5 to 16 will be omitted.

FIGS. 4 to 16 are views showing various examples of the
first collector units according to example embodiments of
the present invention.

First, referring to FIGS. 1 and 4, one example of the
plurality of first collector regions 142 will be described.

As shown in FIGS. 1 and 4, each of the first collector
regions 142 has a plurality of first collectors 1421.

Each collector 1421 is branched off from a corresponding
portion of each pair of first electrodes 141 in a longitudinal
direction and positioned only between each pair of first
electrodes 141. Thereby, as shown in FIG. 4, the upper and
lower ends of the collector 1421 are connected to the
corresponding first electrodes 141 from which they are
branched off.

Each collector 1421 has a rectangular shape.

Because each collector 1421 is positioned between each
pair of first electrodes 141, the vertical width d23 of each
first collector 1421 is almost similar to the distance between
each pair of first electrodes 141. In FIG. 4, the plurality of
first collectors 1421 of the same first collector region 142 are
positioned at almost the same portions in a vertical direction
with respect to each other, while the respective pairs of first
electrodes 141, to which the first collectors 1421 are respec-
tively connected, are different from each other.

As previously described, the plurality of first collector
regions 142 are spaced apart from one another, and extend
almost in parallel in a direction crossing the plurality of first
electrodes 141. Thus, as shown in FIG. 4, the collectors 1421
positioned between the same pair of first electrodes 141
forms for are included in) a different first collector regions
142.

In this example, the number of collectors 1421 positioned
in the same pair of first electrodes 141 is the same as the
number of first collector regions 142. Thus, the gaps
between neighboring first electrodes 141 in which the plu-
rality of first collectors 1421 are positioned and the gaps
between the neighboring first electrodes 141 in which the
plurality of first collectors 1421 are not positioned are
arranged in an alternate manner. As a result, the plurality of
first collectors 1421 forming (or included in) the same first
collector region 142 is disposed at a regular distance, and
extends discontinuously in one direction. The regular dis-
tance is almost the same as the distance between the neigh-
boring two electrodes 141. Therefore, in the first collector
regions 142, a plurality of deletions 144 having no collectors
1421 exists in areas S1 formed by virtually connecting both
lateral sides of each of the first collector regions 142 shown
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in FIG. 4 in a vertical direction. In case of FIG. 4, portions
formed between the neighboring collectors 1421 correspond
to the deletions 144.

In this example, the horizontal width d21 of each first
collector 1421 ranges from about 1.5 mm to 3 mm, but the
embodiment is not limited thereto.

Due to this, the formation area where the first collectors
1421 is formed in each first collector region 142 is reduced
to almost half, compared to a comparative example in which
a plurality of first collector regions have a predetermined
width and a predetermined length and have a stripe shape
which extends across a plurality of first electrodes 141
without interruption. Accordingly, the manufacturing cost of
the plurality of first collector regions 142 is reduced com-
pared to the comparative example, thereby reducing the
manufacturing cost of the solar cell 1.

Next, another example of the plurality of first collector
regions 142 will be described with reference to FIG. 5.

In this example, the plurality of first collector regions 142
is almost similar to the example of the first collector regions
142 shown in FIG. 4.

That is, each first collector region 142 has a plurality of
collectors 1421 positioned between each pair of first elec-
trodes 141, and hence the plurality of collectors 1421 is
disposed at a regular distance.

Unlike FIG. 4, however, each first collector region 142
additionally has a plurality of connecting regions 143 for
connecting two neighboring collectors 1421. In other words,
the plurality of connection regions 143 are positioned
between neighboring first electrodes 141 where the plurality
of collectors 1421 are not positioned, that is, between two
pairs of neighboring first electrodes 141, and therefore the
collectors 1421 and the connecting regions 143 are alter-
nately positioned between the continuous first electrodes
141.

Accordingly, in the same collector region 142, the col-
lectors 1421 and the connecting regions 143 are alternately
positioned in a longitudinal direction. Thus, unlike FIGS. 1
and 4, the plurality of collectors 1421 forming each collector
region 142 is electrically and physically connected by the
plurality of connecting regions 143.

Also, in FIG. 5, the positions of the plurality of collectors
1421 and the plurality of connecting regions 143 in two
neighboring collector regions 142 are identical to each other,
but they may be different from each other.

In the same manner as FIG. 4, a plurality of deletions 144
having no collectors 1421 exist in areas S1 formed by
vertically connecting both lateral sides of each of the plu-
rality of first collectors 1421, that is, areas formed by
vertically and linearly connecting both lateral sides of each
first collector region 142. In FIG. 5, both side portions of the
connecting regions 143 correspond to the deletions 144.

In this example, the horizontal width d22 of each con-
necting region 143 is smaller than the horizontal width d21
of'each collector 1421. In one example, the horizontal width
d22 of each connecting region 143 ranges from approxi-
mately 0.05 mm to 1 mm.

In this example, the plurality of connecting regions 143
are formed of the same material as the plurality of first
collectors 1421 on the same layer, but may be formed of a
different conductive material from that of the plurality of
first collectors 1421.

Due to this, the formation area of the first collectors 1421
in each first collector region 142 is reduced when compared
to the comparative example in which a plurality of collector
regions have a stripe shape which extends across a plurality
of first electrodes 141 without the deletions 144, thus
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reducing the manufacturing cost of the solar cell 1 compared
to the comparative example. Moreover, in comparison with
FIGS. 1 and 4, the area of each first collector region 142 is
increased and hence the contact area with an external device
is also increased, thereby increasing the transfer rate of
charges due to the increase of the contact force with an
external device.

In the example shown in FIG. 6, the plurality of first
collector regions 142 is identical to the first collector regions
142 shown in FIG. 4 except the shape of the collectors 1421.

That is, unlike FIGS. 1 and 4, the plurality of first
collectors 1421 forming (or included in) each first collector
region 142 have a rectangular ring shape where a hole H is
formed at the center portion thereof, respectively. The shape
of the hole H in FIG. 6 is rectangular, but the embodiment
is not limited thereto, and the hole H may have various
shapes such as a circular shape. In this case, the plurality of
deletions 144 existing in the areas S1 formed by vertically
connecting both lateral sides of the plurality of first collec-
tors 1421 corresponds to portions between neighboring
collectors 1421 and hole H portions.

Comparing this example with FIG. 4, the area of the first
collectors 1421 is smaller than the area of the first collectors
1421 shown in FIG. 4, thereby further reducing the manu-
facturing cost of the solar cell 1.

In an example shown in FIG. 7, the plurality of first
collectors 1421 shown in FIG. 6 are electrically and physi-
cally connected by the plurality of connecting regions 143
shown in FIG. 5. Thus, a detailed description thereof will be
omitted.

The example shown in FIG. 7 illustrates a case where the
plurality of first collectors 1421 shown in FIG. 6 are
electrically and physically connected by the plurality of
connecting regions 143 shown in FIG. 5, so a detailed
description thereof is omitted.

In this case, the plurality of deletions 144 existing in the
areas S1 formed by vertically connecting both lateral sides
of the plurality of first collectors 1421 corresponds to both
side portions of the connecting regions 143 and the hole H
portions.

In the case of FIG. 7, the area of the first collectors 1421
is reduced like in FIG. 6, thereby reducing the manufactur-
ing cost of the solar cell 1. Also, as shown in FIG. 5, the
contact area with an external device increases and hence the
transfer rate of charges also increases.

In FIG. 1 and FIGS. 4 to 7, the plurality of first collectors
1421 positioned in the same first collector region 142 all
have the same shape, but it may be also possible to provide
a plurality of first collectors 1421 having two or more
different shapes in an alternative example. In addition, each
first collector 1421 may have various shapes other than the
previously mentioned shapes.

Next, referring to FIG. 8, another example of the plurality
of first collector regions 142 will be described.

As shown in FIG. 8, each first collector region 142 also
has a plurality of first collectors 1421 positioned between
each pair of first electrodes 141 and a plurality of connecting
regions 143 connecting neighboring first collectors 1421.

However, each first collector 1421 is obliquely positioned
between a pair of first electrodes 141, and each connection
region 143, too, is obliquely positioned between two neigh-
boring first collectors 1421.

In addition, the first collectors 1421 and the connecting
regions 143 have the same horizontal width, and neighbor-
ing first collectors 1421 and neighboring connecting regions
143 are vertically symmetrical. Thus, each first collector
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region 142 has a shape which continuously extends across
the plurality of first electrodes 141 without interruption in a
zigzag fashion.

At this point, as shown in FIG. 9, the plurality of deletions
144 exist alternately at the left and right parts with respect
to the first collectors 1421 and the connecting regions 143 in
the areas S1 formed by virtually connecting both lateral
sides of the plurality of first collectors 1421, that is, the areas
formed by vertically and linearly connecting both lateral
sides of each first collector region 142. In FIG. 9, the
deletions 144 have a triangular shape, and thus the zigzags
have a triangular saw-toothed shape.

Unlike this example, the triangular-shaped deletions 144
may only exist at either the left parts or the right parts. Thus,
as shown in FIGS. 10 and 11, either the right sides or the left
sides of the first collector regions 142 have a linear shape,
while either the right sides or the left sides, which are the
opposite sides, have triangular-shaped deletions 144.
Accordingly, the left sides or the right sides, which are
opposite to the sides having the linear shape, have a trian-
gular saw-toothed shape.

In another example of the first collector regions 142
shown in FIG. 12, similarly to FIG. 8, each first collector
region 142 has first collectors 1421 positioned between pairs
of first electrodes 141 and having a “T= ”-shape, and
connecting regions 143 perpendicularly connecting neigh-
boring collectors 1421, and hence has an integrated shape
which continuously extends without interruption in a zigzag
fashion.

However, as shown in FIG. 13, the plurality of deletions
144, which exist alternately at the left and right parts with
respect to the first collectors 1421 and the connecting
regions 143 in the areas S1 formed by virtually connecting
both lateral sides of the plurality of first collectors 1421,
have a rectangular shape. Due to this, the zigzags a rectan-
gular saw-toothed shape.

At this point, similarly to those shown in FIGS. 10 and 11,
the plurality of deletions 144 having a rectangular shape
only exist at either the left parts or the right parts. Thus, as
shown in FIGS. 14 and 15, either the right sides or the left
sides of the first collector regions 142 have a linear shape,
while either the right sides or the left sides, which are the
opposite sides, have rectangular-shaped deletions 144.
Accordingly, the left sides or the right sides, which are
opposite to the sides having the linear shape, have a rect-
angular saw-toothed shape.

Comparing the example shown in FIGS. 8 to 15 with the
comparative example where the plurality of collector
regions have a stripe shape which extends across the plu-
rality of first electrodes 141, the formation area of the first
collectors 1421 in each of the first collector regions 142 is
decreased in FIGS. 8 to 15, thereby making the manufac-
turing cost of the solar cell 1 smaller than that in the
comparative example.

Another example of the first collector regions 142 shown
in FIG. 16 has a plurality of deletions 144 and has a stripe
(or strip) shape which extends across the plurality of first
electrodes 141. Accordingly, both lateral sides of the first
collector regions 142 have a linear shape but the first
collector regions 142 have the plurality of deletions 144
formed therein, thereby reducing the manufacturing cost of
the first collector regions 142. At this point, the plurality of
deletions 144 existing in each collector region 142 may have
various shapes other than a circular shape, and may be
regularly or randomly arranged.

The shape of the deletions 144 shown in FIGS. 8 to 16 is
an example, and the deletions 144 may have various shapes
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such as a circular shape, an elliptical shape, a semi-circular
shape, semi-elliptical shape, and a polygonal shape such as
a triangular shape and a rectangular shape. In addition,
although the deletions 144 are positioned between each pair
of neighboring first electrodes 141 in FIGS. 8 to 15, they
also may be arranged at regular distances, for example,
between every two pairs of first electrodes 141 and the
arrangement positions may be varied.

Also, in the example shown in FIGS. 8 to 16, the ratio of
the plurality of deletions 144 in the virtual areas S1 is greater
than about 10% to less than about 100% with respect to the
total area of the virtual areas S1. Due to this, the area of the
first collector regions 142 is reduced by greater than about
10% to less than about 100% compared to the comparative
example in which the plurality of first collector regions have
a stripe shape.

In this way, the shapes of the first collector regions 142
described with reference to FIGS. 4 to 16 are used as another
example of the second collector regions 152 shown in FIG.
3.

Next, various examples of the second collector regions
152 according to example embodiments of the present
invention will be described with reference to FIGS. 17 to 27.

FIGS. 17 to 27 are views showing various examples of the
second collector regions according to example embodiments
of the present invention.

That is, as shown in FIGS. 17 and 19, each second
collector region 152 has a plurality of second collectors
1521 formed on the rear surface of the substrate 110, or as
shown in FIGS. 18 and 20, has a plurality of second
collectors 1521 and a plurality of connecting regions 153
electrically and physically connecting the plurality of second
collectors 1521 to each other.

Thus, a plurality of deletions 154 are provided in areas S2
formed by virtually connecting both lateral sides of the
plurality of second collectors 1521 in the same manner as the
first collector regions 142.

At this point, as shown in FIGS. 17 and 20, the size,
frequency count, a formation distance, etc., of the collectors
1421 for the first collector region 142 are different from
those of the second collectors 1521, but the present inven-
tion is not limited thereto.

In addition, as shown in FIGS. 21 to 27, each second
collector region 152 has a zigzag pattern of a triangular
saw-toothed or rectangular saw-toothed shape, or a plurality
of deletions 154 are provided in the internal areas of the
second collector regions 152.

At this point, the size or the number of deletions 154 for
the plurality of second collector regions 152 may be
increased or decreased in a similar way as the deletions 144
for the plurality of first collector regions 142 so as to
decrease or increase the formation area of the plurality of
second collector regions 152 as was the case with the
plurality of first collector regions 142.

In such an example, similarly to the first collector regions
142, the formation area of the second collector regions 152
in FIG. 3 is decreased in which the plurality of second
collector regions 152 have a stripe shape, so that the material
cost of the second collector regions 152 can be reduced,
thereby reducing the manufacturing cost of the solar cell 1.
Further, the formation area of the back surface field 171 is
increased as much as a reduction in the formation area of the
second collector regions 152, and hence a reduction in the
recombination rate of electrons and holes caused by the back
surface field 171 becomes more prominent, thereby further
improving the efficiency of the solar cell 1.
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In this way, when the plurality of first collector regions
142 positioned on an incident surface and the plurality of
second collector regions 152 positioned on the rear surface
of the substrate 110, which is opposite to the incident
surface, are formed in various shapes, the plurality of first
collector regions 142 and the plurality of second collector
regions 152 may have the same shape and are formed at
positions facing each other with respect to the substrate 110,
whereby the plurality of first collector regions 142 and the
plurality of second collector regions 152 may overlap with
each other.

In this case, a deterioration of the solar cell 1 is reduced
and hence the reliability of the solar cell 1 is improved.

That is, on the incident surface of the substrate 110, a
larger amount of light is incident to the portion of the
anti-reflection layer 130 exposed to the outside because the
plurality of first collectors 1421 are not positioned thereon,
rather than being incident to the portions where the plurality
of first collectors 1421 are formed. Thus, the temperature of
the portion of the substrate 110 positioned under the anti-
reflection layer 130 exposed to the outside is higher than the
temperature of the portion of the substrate 110 positioned
under the plurality of the first collectors 1421, and this leads
to the generation of much heat.

Accordingly, in case the plurality of first collectors 1421
and the plurality of second collectors 1521 have the same
formation positions and pattern, with the substrate 110
interposed therebetween, heat generated from the portion of
the substrate 110 where the first collectors 1421 are not
formed is easily emitted to the outside through the rear
surface of the substrate 110 where the second collectors
1521 are not positioned. Due to this, it is easy to emit the
heat generated from the solar cell 1, and hence a deteriora-
tion of the solar cell 1 is reduced.

Next, another example embodiment of the present inven-
tion will be described with reference to FIGS. 28 to 31. In
comparison with FIGS. 1 and 2, components performing the
same functions are designated with the same reference
numerals, and a detailed description thereof is omitted.

FIG. 28 is a partial perspective view of one example of a
solar cell according to another example embodiment of the
present invention. FIG. 29 is a cross-sectional view taken
along line XXIX-XXIX of FIG. 28. FIG. 30 is a view
showing the arrangement state of a plurality of point con-
tacts in one example of the solar cell according to another
example embodiment of the present invention. FIG. 31 is a
view showing a state where a plurality of first and second
metal films (or plurality of first and second strips) is formed
on (or includes) the plurality of point contacts in a solar cell
according to another example embodiment of the present
invention.

A solar cell 1a shown in FIGS. 28 and 29 has a similar
structure to that of the solar cell 1 shown in FIGS. 1 and 2.

That is, the solar cell 1a according to this example
embodiment includes a substrate 110, an emitter layer 120
positioned on the front surface of the substrate 110, an
anti-reflection layer 130 positioned on the emitter layer 120,
a first charge transfer unit 1404 electrically connected to the
emitter layer 120, a second charge transfer unit 150 posi-
tioned on the rear surface of the of the substrate 110, and a
back surface field 171 positioned between the substrate 110
and the second charge transfer unit 150.

However, unlike the solar cell 1 shown in FIGS. 1 and 2,
the first charge transfer unit 140q has a different structure
from that of the first charge transfer unit 140 shown in FIGS.
1 and 2.
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The first charge transfer unit 140a¢ according to this
example embodiment has a plurality of point contacts 145
disposed at regular distances on the incident surface of the
substrate 110 and a plurality of first metal films 147 and a
plurality of second metal films 149 which are positioned on
the point contacts 145.

The plurality of point contacts 145 and the plurality of
first metal films 147 form a plurality of first electrodes 141a,
and some of the point contacts 145 and the plurality of
second metal films 149 form (or are included in) a plurality
of second collector regions 142a.

The first charge transfer unit 140a of this type will be
described in detail.

As shown in FIG. 30, the plurality of point contacts 145
are positioned mainly in a matrix on the incident surface of
the substrate 110, and are electrically and physically con-
nected to the emitter layer 120. Thus, the plurality of point
contacts 145 are collectors that collect charges moved
toward the emitter layer 120.

In this example embodiment, each point contact 145 has
a circular shape, and the width D0 of the point contacts 145
is about 50 um to 80 um. Due to the particle characteristics
of a conductive paste, for example, paste containing silver
(Ag), used to manufacture the point contacts 145, it is
difficult to form the point contacts 145 having a width D0 of
less than about 50 pm. Thus, the width DO of the point
contacts 145 is about 50 um or greater. Also, if the width D0
of the point contacts 145 exceeds about 80 um, the incident
area of light is reduced and therefore the efficiency of the
solar cell 1a is lowered.

In addition, the distances Wr and Wc between the point
contacts 145 adjacent in row and column directions can be
respectively determined in consideration of the movement
distance of charges that move toward the emitter layer 120.
For instance, the Wr and Wc may be determined based on
the magnitude of the resistance of the emitter layer 120 and
the minimum movement distance of charges. In this example
embodiment, the distances Wr and Wc between neighboring
point contacts 145 range from about 2 mm to 3 mm, but the
embodiment is not limited thereto.

In this example embodiment, each point contact 145 has
a circular shape, but the present invention is not limited
thereto and each point contact 145 may have various shapes
such as an elliptical shape or a polygonal shape such as a
triangular shape and a rectangular shape. Also, in this
example embodiment, the distances Wr and Wc between
point contacts 145 adjacent in the row and column directions
are equal to each other, but the plurality of point contacts
145 may be positioned in the row and column directions at
the distances Wr and Wc of different distances.

Such a plurality of point contacts 145 contains a conduc-
tive material, such as silver (Ag). However, they may
contain, instead of silver (Ag), at least one selected from the
group consisting of nickel (Ni), copper (Cu), aluminum (Al),
tin (Sn), zinc (Zn), indium (In), titanium (Ti), gold (Au), and
a combination thereof, or otherwise may contain other
conductive materials.

In comparison with the first electrodes 141 of FIGS. 1 and
2 which have a predetermined width and length, extend
almost m parallel in a predetermined direction, and are in
contact with the emitter layer 120, the contact area between
the plurality of point contacts 145 and the emitter layer 120
is greatly reduced.

Due to this, charge loss caused by a recombination of
electrons and holes generated in the contact areas between
the emitter layer 120 and the point contacts 145 is reduced,
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thereby lengthening the duration of charges and improving
the efficiency of the solar cell 1a.

The plurality of first metal films 147 has a stripe (or a
strip) shape in which they are positioned on (or includes) the
plurality of point contacts 145 (hereinafter, ‘the plurality of
contact point rows’ or ‘the plurality of contact point col-
umns’) arranged in a row or column direction (in FIG. 29,
a plurality of columns of contact parts arranged in a column
direction). Due to this, the plurality of first metal films 147
extend almost in parallel in a predetermined direction, e.g.,
in a row direction, parts of each of the first metal films 147
are in contact with the plurality of point contacts 145, and
the other parts are in contact with parts of the anti-reflection
layer 130. The plurality of first metal films 147 of this type
transfers the charges collected by the plurality of point
contacts 145 to the plurality of second metal films 149.

As previously explained, the distance between neighbor-
ing point contacts 145 is determined in consideration of the
movement distance of charges, and hence charge movement
is enabled not only through the plurality of first metal films
147 but also between the neighboring point contacts 145.

As shown in FIG. 31, the width D1 of each first metal film
147 is designed to be larger than the width D0 of the point
contacts 145, thereby improving the charge transfer capa-
bility.

However, it is preferred, though not required, that the
width D1 of each first metal film 147 is rather small in
consideration of light receiving area, light reflectance, or
light absorbance. In one example, the width D1 of each first
metal film 147 may range from about 50 um to 80 pum, which
is equal to the width DO of the point contacts 145 in
consideration of the particle characteristics of conductive
paste used to manufacture the first metal films 147, for
example, paste containing silver (Ag), light receiving area,
contact resistance with a contacting portion, and self resis-
tance. This provides the effect of an increase in the light
receiving area.

Also, the distance W1 between neighboring first metal
films 147 may be equal to the distance Wc between the point
contacts 145 adjacent in a column direction.

The plurality of second metal films 149 are positioned on
the plurality of contact point columns or the plurality of
contact point rows, and thus extends in a predetermined
direction (in FIG. 29, a column direction) almost in parallel
to a direction crossing the plurality of first metal films 147.
At this point, each second metal film 149 extends from parts
of'the plurality of first metal films 147 in a direction crossing
the plurality of first metal films 147. Thus, the contact point
columns are positioned at crossings between the plurality of
first metal films 147 and each second metal film 149, i.e., at
branching portions. Due to this, the plurality of second metal
films 149 outputs, to the outside, not only the charges
moving through the plurality of first metal films 147 but also
the charges transferred from the plurality of point contacts
145 positioned right thereunder, thereby improving transfer
efficiency.

The width D2 of the second metal films 149 is designed
to be larger than the width D1 of the first metal films 147 so
as to facilitate the movement of charges to an external
device, but the embodiment is not limited thereto.

The plurality of first and second metal films 147 and 149
are formed of the same material, and formed of a conductive
material containing silver (Ag). In an alternative example,
the plurality of first metal films 147 and the plurality of
second metal films 149 may contain, instead of silver (Ag),
at least one selected from the group consisting of nickel (Ni),
copper (Cu), aluminum (Al), tin (Sn), zinc (Zn), indium (In),
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titanium (Ti), gold (Au), and a combination thereof, or
otherwise may contain other conductive materials.

In the alternative example, the plurality of first and second
metal films 147 and 149 may be made of a transparent
conductive material. Examples of the transparent conductive
material may include at least one selected from the group
consisting of ITO (indium tin oxide), tin-based oxide, zinc-
based oxide, and a combination thereof.

In this case, there is no risk that the light receiving area
will be reduced by the first and second metal films 147 and
149, and therefore the widths D1 and D2 of the first and
second metal films 147 and 149 may be Ruined to be larger
than the width D0 of the point contacts 145.

In this manner, when the plurality of first and second
metal films 147 and 149 are made of a transparent conduc-
tive material, the incident area of light can be increased to
thus improve the efficiency of the solar cell 1a, and the
widths D1 and D2 of the first and second metal films 147 and
149 can be increased to thus increase the transfer efficiency
of charges through the first and second metal films 147 and
149 and further improve the efficiency of the solar cell 1a.

In the solar cell 1a having such a structure of the first
charge transfer unit 140aq, the plurality of second collector
regions 152 of the second charge transfer unit 150 may have
various structures shown in FIGS. 17 to 27, as well as the
structure shown in FIG. 3. The second collector regions 152
of this structure have been already described with reference
to FIGS. 17 to 27, so a detailed description thereof will be
omitted.

Next, a method for manufacturing a solar cell 1a accord-
ing to another example embodiment of the present invention
will be described with reference to FIGS. 32 to 39.

FIGS. 32 to 39 are cross-sectional views sequentially
showing a method for manufacturing a solar cell according
to another example embodiment of the present invention.

First, the surface of a substrate 110 made of type monoc-
rystalline or polycrystalline silicon, which is corrugated, is
textured to form a textured surface. At this time, in case the
substrate 110 is made of monocrystalline silicon, the surface
of the substrate 110 is textured by using a basic solution,
such as KOH, NaOH, or TMAH (tetramethylammonnium
hydroxide). In case the substrate 110 is made of polycrys-
talline silicon, the surface of the substrate 110 is textured by
using an acid solution, such as HF or HNO,.

Next, as shown in FIG. 33, a material, for example,
POCL; or H;PO,, containing an impurity of a group V
element, such as phosphor (P), arsenic (As), and antimony
(Sb), is thermally treated at a high temperature to diffuse the
impurity of the group V element on the substrate 110,
thereby forming an emitter layer 120 on the entire surface,
i.e., front, rear, and side surfaces, of the substrate 110.
Unlike this example embodiment, in case the conductive
type of the substrate 110 is an n type, a material, for
example, B,H,, containing an impurity of a group III
element may be thermally treated at a high temperature or
stacked to thus form a p-type emitter region on the entire
surface of the substrate 110. Next, an oxide (phosphorous
silicate glass, PSG) containing phosphor or an oxide (boron
silicate glass, BCG) containing boron, which is produced by
the diffusion of a p-type impurity or an n-type impurity into
the substrate 110, is removed by an etching process.

Next, referring to FIG. 34, an anti-reflection layer 130 is
formed on the incident surface of the substrate 110 by a
chemical vapor deposition (CVD) method, such as plasma
enhanced chemical vapor deposition (PECVD).

As shown in FIG. 35, a paste containing silver (Ag) is
printed on a corresponding portion of the rear surface of the
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substrate 110 using a screen printing method and then dried
at about 120[] to about 200[] to form a plurality of second
collector region patterns 1521 having a stripe shape, and a
paste containing aluminum (Al) is printed substantially on
the remaining portion of the rear surface of the substrate 110
using a screen printing method and then dried to form a
second electrode pattern 1511 (FIG. 36). At this point, the
second electrode pattern 1511 partially overlaps with a
plurality of neighboring collector region patterns 1521, but
the embodiment is not limited thereto.

Next, as shown in FIG. 37, a paste containing silver (Ag)
is printed on a corresponding portion of the front surface of
the substrate 110 using a screen printing method and then
dried to form a plurality of point contact patterns 1451.

The order of formation of these patterns 1521, 1511, and
1451 may be varied.

Next, the substrate 110 provided with the plurality of
second collector region patterns 1521, the second electrode
pattern 1511, and the plurality of point contact patterns 1451
are fired at a temperature of about 750° C. to about 800° C.
to form a plurality of point contacts 145 electrically and
physically contacting a plurality of second collector regions
152, a second electrode 151, and an emitter layer 120, and
to form a back surface field 171 between the substrate 110
and the second electrode 151 (FIG. 38).

That is, when a thermal treatment is carried out, as glass
frits contained in the point contact patterns 1451 and con-
taining lead (Pb) are melted, the anti-reflection layer 130 at
a contacting portion is etched. Thus, silver (Ag) and the like
contained in the point contact patterns 1451 is brought into
contact with the emitter layer 120, thereby forming the
plurality of point contacts 145 physically and electrically
connected to the emitter layer 120. Also, in the thermal
treatment process, aluminum (Al) contained in the second
electrode 151 is diffused toward the substrate 110 contacting
the second electrode 151, thereby forming the back surface
field 171 between the second electrode 151 and the substrate
110. At this time, the back surface field 171 is a p conductive
type, which is the same conductive type as the substrate 110.
More specifically, the back surface field 171 is a p+ con-
ductive type because the concentration of an impurity of the
back surface field 171 is higher than that of the substrate 110.

Next, as shown in FIG. 39, a conductive paste containing
silver (Ag) is printed on a corresponding portion of the
incident surface of the substrate 110 using a screen printing
method to form first and second metal film patterns 148.
Then, they are dried to form first and second metal films 147
and 149, thereby completing the solar cell 1a. In an alter-
native example, the conductive paste for forming the first
and second metal film patterns 148 may contain a transpar-
ent conductive material.

As above, the first and second metal films 147 and 149 are
formed by performing a drying process without a firing
process. Hence, the spread of the first and second metal film
patterns 148 does not occur. Accordingly, the light receiving
area is increased due to a reduction of the formation area of
the first and second metal films 147 and 149, thereby
improving the efficiency of the solar cell 1a.

In addition, in the alternative example, parts of the
anti-reflection layer 130 are removed by an etching method
or the like to expose parts of the emitter layer 120, a plurality
of point contacts 145 are positioned on the exposed parts of
the emitter layer 120, and then first and second metal films
147 and 149 are formed thereon by various film formation
methods, such as screen printing method or a sputtering
method. In this case, the plurality of point contacts 145 does
not have to penetrate the anti-reflection layer 130, and
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therefore lead or the like does not need to be contained
therein. Hence, there is no need to worry about environ-
mental contamination, and the contact force between the
emitter layer 120 and the plurality of point contacts 145 is
improved.

Another example of the solar cell according to another
example embodiment of the present invention will be
described with reference to FIGS. 40 to 42.

FIG. 40 is a partial perspective view of a solar cell
according to another example embodiment of the present
invention. FIG. 41 is a cross-sectional view taken along line
XXXXI-XXXXI of FIG. 40. FIG. 42 is a view showing a
state where a plurality of first and second metal films is
formed on a plurality of point contacts in a solar cell
according to another example embodiment of the present
invention.

A solar cell 16 according to this example has the same
structure as the solar cell 1a shown in FIGS. 28 and 29
except the structure of a first charge transfer region 1405.
Accordingly, components having the same structure and
performing the same functions are designated with the same
reference numerals, and a detailed description thereof is
omitted.

The first charge transfer region 15 according to this
example has a plurality of point contacts 145, a plurality of
metal films 147, and a plurality of collector regions 1425.

Unlike FIGS. 28 and 29, the plurality of point contacts
145 are positioned mainly under the plurality of metal films
147, and does not exist under the plurality of collector
regions 1425. Since the number of formation of the plurality
of point contacts 145 is reduced, manufacturing costs can be
cut down.

In this example, a plurality of collector regions 1425 are
connected to the plurality of metal films 147, while in an
alternative example, the plurality of collector regions 1425
may be separated from the plurality of metal films 147.

A method for manufacturing such a solar cell 1a is
identical to that described with reference to FIGS. 32 to 39,
s0 a description thereof will be omitted.

Although such a solar cell 1, 1a, and 15 may be indepen-
dently used, the plurality of solar cells 1, 1a, and/or 15 may
be connected for more efficient use to form a solar cell
module.

Next, a solar cell module using the solar cells 1, 1a, and/or
15 according to the example embodiments of the present
invention will be described with reference to FIGS. 43 to 45.

FIG. 43 is a schematic view showing a solar cell module
according to an example embodiment of the present inven-
tion. FIG. 44 is a plane view showing a connection state
between solar cells according to an example embodiment of
the present invention. FIG. 45 is a cross-sectional view
showing the connection state between the solar cells accord-
ing to an example embodiment of the present invention.

Referring to FIG. 43, the solar cell module 100 according
to this example embodiment includes a solar cell array 10,
protection films 20a and 204 for protecting the solar cell
array 10, a transparent member 40 positioned on the pro-
tection film (hereinafter, ‘an upper protection film’) 20a
positioned on the light receiving surface of the solar cell
array 10, a back sheet 50 disposed under the protection film
(hereinafter, ‘a lower protection film”) 205 positioned on the
opposite side of the light receiving surface on which light is
not incident, and a frame 60 housing these components.

The solar cell array 10 has a plurality of solar cells 1, 1a,
and/or 15 arranged in a matrix structure. In FIG. 43, the solar
cell array 10 has a 3x3 matrix structure, but the embodiment
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is not limited thereto and the number of solar cells 1, 1a,
and/or 15 disposed in respective row and column directions
may be adjusted if required.

The solar cells 1, 1a, and/or 15 are electrically connected
in series or in parallel to neighboring solar cells 1, 1a, and/or
1b. At this point, as shown in FIGS. 44 and 45, electrical
connection between first collector regions 142, 142a, and
14254 respectively positioned at the neighboring solar cells 1,
1a, and/or 15 and second collector regions 152 is carried out
by using a conductive connecting region 31. That is, the
conductive connecting region 31 is positioned and then fixed
onto the first collector regions 142, 142a, and 1425, posi-
tioned at different solar cells 1, 1a, and/or 15, and the second
collector regions 152, thereby performing electrical connec-
tion between the two collector regions 142 (or 1424a or 1425)
and 152. At this point, the conductive connecting region 31
may be a conductive tape, which is a thin metal tape called
a ribbon, that has a conductive material and having a string
shape. In order to increase the adhesion efficiency between
the conductive connecting region 31 and each of the col-
lector regions 142 (or 142a or 14256) and 152, an adhesive
may be applied on the collector regions 142 (or 142a or
14254) and then the conductive connecting region 31 may be
attached thereto or a laser beam may be irradiated thereto.

The back sheet 50 prevents moisture from permeating the
back surface of the solar cell module 100 and hence protects
the solar cells 1, 1a, and/or 15 from an outside environment.
The back sheet 50 of this type may have a multilayered
structure, such as a layer for preventing permeation of
moisture and oxygen, a layer for preventing chemical cor-
rosion, and a layer having insulation characteristics.

The upper and lower protection films 20a and 205 prevent
the corrosion of metals caused by moisture permeation and
protect the solar cell module 100 from an impact. The upper
and lower protection films 20a and 205 of this type are
integrated with the solar cell array 10 during a lamination
process, being disposed on the upper and lower portions of
the solar cell array 10. These protection films 20a and 205
may be made of ethylene vinyl acetate (EVA), polyvinyl
butyral, ethylene vinyl acetate partial oxide, a silicon resin,
an ester-based resin, an olefin-based resin, and the like.

The transparent member 40 positioned on the upper
protection film 20a is made of tempered glass having high
transmittance and excellent damage prevention function. At
this point, the tempered glass may be a low iron tempered
glass having a low iron content. The inner surface of the
transparent member 40 may be embossed in order to
increase light scattering effect.

The frame 60 is made of a material, such as aluminum,
which is coated with an insulating material and does not
undergo corrosion, deformation, or the like due to an outside
environment, and has a structure which makes drainage,
installation, and construction easier.

Even though the present invention is described in detail
with reference to the foregoing embodiments, it is not
intended to limit the scope of the present invention thereto.
It is evident from the foregoing that many variations and
modifications may be made by a person having ordinary
skill in the present field without departing from the essential
concept and scope of the present invention as defined in the
appended claims.

What is claimed is:

1. A solar cell comprising:

a substrate of a first conductive type;

an emitter layer of a second conductive type opposite the
first conductive type, and positioned on the substrate;
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a plurality of finger electrodes formed in a first direction,
each finger electrode being electrically connected to the
emitter layer;

a plurality of first collector regions formed in a second
direction crossing, the first direction, wherein the plu-
rality of first collector regions include a plurality of first
electrodes extending in the first direction from the
plurality of finger electrodes and having a space of a
predetermined distance from each other positioned in
parallel in the second direction, and a plurality of
second electrodes positioned between the space of the
plurality of first electrodes in the second direction and
two neighboring second electrodes of the plurality of
second electrodes positioned in a different space in the
plurality of first collector regions; and

a plurality of deletions positioned in the plurality of first
collector regions,

wherein one of the plurality of deletions is positioned in
an area of one first collector region of the plurality of
first collector regions formed only by a pair of first
electrodes of the plurality of first electrodes, and one
second electrode of the plurality of second electrodes.

2. The solar cell of claim 1, wherein one electrode of the
pair of first electrodes is positioned at an upper end of the
one deletion and the other electrode of the pair of first
electrodes is positioned at a lower end of the one deletion
opposite the upper end of the one deletion.

3. The solar cell of claim 2, wherein the one second
electrode is positioned at a left end of the one deletion or at
a right end of the one deletion opposite the left end of the one
deletion.

4. The solar cell of claim 3, wherein opposite ends of the
one second electrode are connected to the pair of first
electrodes, respectively.

5. The solar cell of claim 1, wherein the pair of first
electrodes and the one second electrode form a first collec-
tor, and
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wherein the first collector connected to the pair of first
electrodes and the one second electrode has a
T -shape.

6. The solar cell of claim 5, wherein the plurality of
deletions are rectangular.

7. The solar cell of claim 1, wherein one of the plurality
of'second electrodes are disposed in a first vertical line along
a perpendicular direction crossing the first direction, other of
the plurality of second electrodes are disposed in a second
vertical line along the perpendicular direction crossing the
first direction, and the first vertical line and the second
vertical line are different vertical lines positioned non-
collinearly along the perpendicular direction crossing the
first direction.

8. The solar cell of claim 1, further comprising:

a back electrode electrically connected to the substrate;

and

at least one second collector region connected to the back

electrode.

9. The solar cell of claim 8, wherein an area formed by
linearly connecting in a perpendicular direction both lateral
sides of at least one of the at least one second collector
region comprises at least one deletion, and

wherein the at least one deletion is positioned in a portion

of the at least one second collector region lacking an
electrode.

10. The solar cell of claim 1, wherein the pair of first
electrodes and the one second electrode form a second
collector, and

wherein the second collector is connected to the pair of

first electrodes and the one second electrode.

11. The solar cell of claim 10, wherein the plurality of
deletions are rectangular.
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